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Abstract of the Disclosure 



A trocar for performing a procedure on a patient. The trocar includes a hollow 
cannula having a distal end and a proximal end. The trocar includes a housing having a 
distal end attached to the proximal end of the cannula and a proximal end having a wall 
attached thereto. The wall having an aperture therethrough. The trocar further includes a 
first seal disposed within the housing comprising a plurality of layered elastomeric 
members forming conical shape. 
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IMPROVED CONICAL TROCAR SEAL 

Field of the Invention 

The present invention has application in conventional endoscopic and open 
surgical instrumentation as well application in robotic-assisted surgery. The present 
invention further relates to trocars to assist in performing minimally invasive surgery 
and, more particularly, to improved seals for such trocars. 

Background of the Invention 

The use of endoscopic procedures in surgery has become widely accepted. 
The term endoscopic as used herein is defined to include all types of minimally 
15 invasive surgical procedures including laparoscopic and arthroscopic procedures. 
Accordingly, numerous endoscopic instruments have been developed which allow 
the surgeon to perform complex surgical procedures with minimal incisions into the 
skin and tissue surrounding a particular body cavity or anatomical region. In order to 
introduce the endoscopic instrumentation into the body cavity, it is often necessary to 
20 puncture and cannulate the body cavity by using a trocar. Trocars are widely known 
in the art and typically consist of an obturator and a trocar cannula. An example of a 
trocar can be found in U.S. Patent 6,017,356 issued to Frederick et al. on January 25, 
2000, which is hereby incorporated herein by reference. 

25 It is common for a sealing arrangement or sealing device to be used in 

association with the cannula to prevent the escape of fluid or gas during endoscopic 
procedures. During an endoscopic surgical procedure, the internal gas pressure must 
be maintained in order to successfully complete the procedure. In order to maintain 
the internal gas pressure while instruments are passed into and out of the trocars 

30 positioned in a body cavity, sealing devices are required for both the instruments and 
for the trocar assemblies. That is most trocars have two sealing devices. One which 
seals the trocar when there is not an instrument passing therethrough, and one which 
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seals the trocar as instruments are passed therethrough. Furthermore, it is desirable 
that the sealing device maintain gas pressure in the abdominal cavity, despite 
numerous insertions and withdrawals of surgical instruments through the trocar 
cannula. 

Most commercially available trocars have an outer seal and an inner seal. 
The outer seal is typically a gasket located at the proximal most end of the trocar 
cannula. This gasket tightly fits itself around the elongated shafts of any medical 
devices passing therethrough. Therefore, the outer seal prevents fluids from escaping 
the body cavity through the trocar cannula while surgical instruments are being used 
with the cannula. The inner seal is typically what is referred to as a flapper door. It 
is made from a rigid, typically plastic, door which is spring biased against an inner 
gasket. The inner seal prevents fluids from escaping the body cavity through the 
trocar cannula while the trocar cannula is not in use, i.e. with no surgical instruments 
or obturators passing therethrough. The inner seal is located with the trocar cannula 
handle, distal to the outer seal. 

The present invention provides for an improved outer seal. 

Summary of the Invention 

In an embodiment of the invention there is provided a trocar for performing a 
procedure on a patient, said trocar comprising: a. a hollow cannula having a distal 
end and a proximal end; b. a housing having a distal end attached to said proximal 
end of said cannula and a proximal end having a wall attached thereto, said wall 
having an aperture therethrough; c. a seal assembly disposed within said housing 
comprising a plurality of layered elastomeric members each having at least a semi- 
circular profile, and wherein: said plurality of layered elastomeric members form a 
conical shape and are disposed such that there is a substantially centrally located 
aperture in said seal assembly. 
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Brief Description of the Drawings 



Figure 1 is a perspective view of a trocar in accordance with the present 
invention. 

Figure 2 is an exploded view of the seal assembly 2 of the present invention. 

Figure 2A, is a view similar to that of Figure 2 but showing the protector 
segments 40 and seal segments 4a-4d assembled in a preferred embodiment. 

Figure 3 is a plan view of the seal segments 4(a) - 4(d) used in the seal 5 of 
the present invention. 

Figure 4 is a perspective view of the retainer ring assembly 20 used in the 
present invention and seal segments 4a-4d separated for clarity. 

Figure 5 is a perspective view showing seal 5 of the present invention. 

Figure 6 is a perspective view of seal 5, attached to a flotation system 80 
having an instrument 90 inserted therethrough. 

Figure 7 is a cross-sectional view of trocar 100 shown in Figure 1 , taken 
along line 7-7 and having the obturator 1 10 removed for clarity. 

DETAILED DESCRIPTION OF THE DRAWINGS 

Referring now to the drawings wherein like numerals indicate the same 
elements throughout the views, there is shown in Figure 1 a trocar, 100 in accordance 
with the present invention. Trocar 100 can be similar to the one described in U.S. 
Patent 6,017,356 issued to Fredrick et al, which is herein incorporated by reference. 
Trocar 100 comprises of cannula portion 1 10 and obturator portion 120. The 
obturator portion is well known to those skilled in the art, and can be bladed and non- 
bladed such as those available on the 
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ENDOPATH II® Trocar sold by Ethicon Endo-Surgery, Cincinnati, OH. Obturator 
portion 120 has a piercing tip 122 which is used to pierce the patients tissue until it reaches 
the abdominal cavity. After penetration into the abdominal cavity is complete, obturator 
portion 120 can be removed from cannula portion 1 1 0. After the obturator portion is 
removed, any number of surgical instruments such as, for example, a tissue fastening 
instrument can be inserted through the cannula of the trocar to perform the surgical 
procedure. 

As seen from Figure 7, a preferred embodiment of the present invention is a trocar 
100 for performing a procedure on a patient. Trocar 100 includes a hollow cannula 202 
having a distal end 204 and a proximal end 206. Trocar 100 also includes a housing 210 
having a distal end 212 attached to the proximal end 206 of the cannula 202 and a proximal 
end 214 having a wall 216 attached thereto, the wall having an aperture 218 extending 
therethrough. Trocar 100 includes a seal assembly 2 disposed within the housing 
comprising a plurality of layered elastomeric members 4a-4d forming conical shape seal 5. 
As described below, the plurality of layered elastomeric members 4a-4d preferably have a 
semi-circular profile, and preferably having a circumference of about 180 to 270 degrees. 
As described below, the seal assembly preferably includes a first and second rigid rings 
(gasket retainer ring 8 and gasket ring 20) wherein the layered elastomeric members 4a-4d 
are disposed between and are abutting against the rings 8 and 20. As described below, the 
elastomeric members 4a-4d preferably include a proximal flange portion 70, and an 
inwardly extending portion 72 extending distally therefrom, wherein the proximal flange 
portions are disposed between and are abutting against the rings. Preferably, the seal 
assembly 2 has an outer perimeter 220 which is attached to a flotation means 80. As will 
be described in greater detail below, seal assembly 2 preferably includes a plurality of 
protectors 40 disposed proximal to the elastomeric seal. Lastly, trocar 100 preferably 
includes a zero closure valve shown in Figure 7 as a duck bill valve 230. 

Referring now to Figures 2 and 2 A, there is shown seal assembly 2 made in 
accordance with the present invention. Seal assembly 2 a crown 30, protectors 40, gasket 
ring 20, seal segments 4a-4d and gasket retainer ring 8. Gasket retainer ring 8 can be made 
of any number of materials known to those skilled in the art including, but not limited to, 
polycarbonate. Gasket retainer ring 8 includes ring base 9 having a top 11. Extending 
from top 1 1 of ring base 9 is a plurality of retainer pins 10. Ring base 9 also includes a 
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plurality of holes 14 extending therethrough. Retainer pins 10 can be attached to top 1 1 of 
ring base 9 by any attachment means known to those skilled in the art or can integrally 
molded with ring base 9. Retainer pins 10 can be used with seal segments 4a-4d by 
placing the gasket retainer holes 6 over retainer pins 10. Ring base 9 further includes crush 
rib 12, shown in Figure 2 A. Crush rib 12, which is the inner edge of the opening of ring 
base 9. 

Gasket ring 20, shown in Figure 4, helps in securing seal segments 4a-4d onto 
retainer ring 8. Gasket ring 20 can be made of any number of materials known to those 
skilled in the art including, but not limited to, polycarbonate. Gasket ring 20, has top 22, 
bottom 24, and opening 23 therethrough. Gasket ring 20 further includes a plurality of 
gasket pin holes (not shown) disposed therein on bottom 24 for receiving retainer pins 10 
and a plurality of crown holes 28 therein on top 22 for receiving crown pins 32. Gasket 
ring 20 further includes a plurality of gasket pins 29 extending from bottom 24. 

As shown in Figure 2, the seal assembly 2 further includes crown ring 30 and a 
plurality of protectors 40, which are located over seal segments 4a-4d. Crown ring 30, 
which can be made of any number of materials known to those skilled in the art including, 
but not limited to polycarbonate, is ring shaped member having bottom 3 1 . Extending 
from bottom 3 1 of crown ring 30 is a plurality of crown pins 32. Crown pins 32 can be 
attached to bottom 31 of crown ring 30 by any attachment means known to those skilled in 
the art or can integrally molded therewith- Crown pins 32 can be used to assemble 
protectors 40 to gasket ring 20 of gasket assembly 3 forming seal assembly 2 of the present 
invention as illustrated in Figure 2. Protectors 40, which are preferably made of a thin 
flexible polymer, can be slightly trapezoidal and are overlapped or woven with one another 
and attached together by any means known to those skilled in the art to form a conical 
shape as illustrated in Figure 2. Such protectors are further described in EP 1 ,520,539. 

The protectors 40 are attached to seal assembly 2 by trapping them between the 
distal surface 3 1 of the crown ring 30 and the proximal surface 22 of the gasket ring 20. 
Crown pins 32 on the distal surface 3 1 of the crown ring 30 pass through protector holes 
42 in the protector flange 44 of the protectors 40. These crown pins 32 also affix to crown 
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holes 28 on the proximal surface 22 of the gasket ring 20, thereby holding the protectors 40 
fixed in place between the surfaces of the two parts. . 

When assembled as seal assembly 2, the protectors are layered together as 
described above, and the seal segments are layered together as described below. As is 
better seen by referring to figure 3, gasket pins 10 go through holes 6 in seal segments 4, 
and snap into gasket pin holes 26, and gasket pins 29 snap into holes 14 on retainer ring 8 
to secure gasket ring 20 to gasket retainer ring 8 together, with the seal segments disposed 
therebetween. Crown pins 32 go through holes 42 on protectors 40 and snap into crown 
holes 28 to help secure gasket ring 20 to crown 30 with protectors 40 disposed 
therebetween. When all assembled, it forms seal assembly 2 (shown in Figure 7). 

Seal protectors 40 are well known in the art and are described in U.S. Patent 
5,308,336 issued to Hart et al. on May 3, 1994, which is hereby incorporated herein by 
15 reference. As illustrated in Figures 2-6, retainer ring assembly 3 includes four seal 

segments 4a-4d, gasket retainer ring 8, and gasket ring 20. Any number of seal segments 
can be used and the invention herein is not limited by four. Each seal segment 4a-4d, 
which can be made of but is not limited to an elastomer such as, for example, silicon, can 
be molded flat or non-planer. 

20 

In one alternate embodiment, the pins and hole combinations are split between the 
gasket retainer ring 8 and the gasket ring 20. Four pins and twelve holes can be integral to 
the gasket ring 20, and twelve pins and four holes can be integral to the gasket retainer ring 
8. The seals are then "woven" onto the gasket ring 20, requiring placement of each seal 

25 segment over only 3 pins. This is compared to the 10 pins required in the embodiment 
previously described. These pins hold the seal in the proper configuration, providing 
alignment of the gasket holes 6 with the remaining pin-hole pairs (10 and 26). When the 
gasket retainer ring 8 is assembled to the gasket ring 20, the twelve pins on the gasket 
retainer ring pass through the aligned gasket holes, thereby trapping the seals as in the 

30 previous embodiment. Any number or combinations of pins and holes on gasket members 
8 and 20 can be used. 

Alternatively, one can use only four pins are for positive fixation through the gasket 
holes (6). The four pins can be located the gasket ring 20 and four corresponding holes can 
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be located on the gasket retainer ring. The seal segments (4a-d) have holes only 
corresponding to these locations. To supplement the fixation associated with these pin- 
hole combinations, additional "pinch-pins" can be located on both the gasket ring 20 and 
the gasket retainer ring 8. These pinch-pins are conical-shaped protrusions projecting from 
both the distal surface 24 of the gasket ring 20 and the proximal surface 1 1 of the gasket 
retainer ring 8. These conical protrusions on each part radially align with one another, and 
compress the perimeter flange of the seal segments when the gasket ring 20 and gasket 
retainer ring 8 are assembled together. Due to the sharpness of the tip on the conical 
protrusions, they "dig in" to the flexible material of the seal segments, aiding in fixation of 
the perimeter of the seal segments. 

Seal segments 4 can be made from any number of materials known to those skilled 
in the art including polyisoprene and silicone. Seal segments 4 comprise a proximal flat 
flange portion 70, and a inwardly extending distal portion 72. Seal segments 4, as seen in 
Figure 2, can have a semicircular shape having a circumference of 225 degrees such that 
when they are layered together they have a conical shape as shown in Figure 5. However, 
any number of different shapes would work as well. The seal segments can also be molded 
non-planer and each segment can be identical in design and shape or different. Preferably, 
the seal assembly 2 of the present inventions includes a plurality of seal segments 4 which 
are layered so as to form a multi-layer conical seal 5. The seal segments 4 can be stacked 
on top of one another to form this layered configuration, or can be woven together as 
described below. 

In one preferred embodiment, as best described by referring to Figures 3, 4 and 5, 
seal segments 4a-4d are woven with one another. Now, it will be described how seal 
segments 4a-4d can be assembled with retainer ring 8 and gasket ring 20 to form conical 
seal 5 of the present invention. The assembly can be completed by first placing gasket 
holes 6 of first seal segment 4a onto gasket retainer pins 1 0 of gasket retainer ring 8 as 
shown in the figures. Since first seal segment 4a is the first seal to be assembled to 
retainer ring 8 there is no specific retainer pin 10 location necessary to place gasket holes 6 
of first seal 4a thereover. The gasket holes 6 of second seal segment 4b are then positioned 
onto gasket retainer pins 10 of gasket retainer ring 8 such that starting edge 15b of second 
seal 4b overlaps ending edge 17a of first seal 4a. Basically, the starting edge of each seal 
segment will share at least one retainer pin of the ending edge of an adjacent seal segment 
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such that the starting edge of one seal segment will be overlapped on top of the ending 
edge of an adjacent seal segment. Since this is a four piece design, starting edge 15b of 
second seal segment 4b is located at a position 90 degrees, in a counter clockwise fashion, 
from the starting edge 15a of the first seal segment 4a. After third section 4c has been 
placed on the pins, starting edge 15a of first seal segment 4a is removed from the pins 
allowing ending edge 17d of fourth seal segment 4d to be placed thereunder such that all 
seal segments 4a-4d are overlapping as shown in Figures 3-4. Staring edge 15d of fourth 
seal segment 4d is placed on gasket retainer pins 8 in the same manner as the others over 
third seal segment 4c. However, ending edge 17d of fourth seal segment 4d is placed 
under the removed portion of starting edge 1 5a of first seal segment 4a. Once fourth seal 
segment 4d has been seated on all of the gasket retainer pins 8, the removed portion of the 
first seal segment 4a is placed over the ending portion of the fourth seal segment 4d. 

The above described embodiment of placing seal segments 4a-4d onto retainer pins 
10, allows seal segments 4a - 4b to form a seal 5 having a conical shape as shown in 
Figures 3 and 5. Figure 5 shows seal 45 as having a hole 74 at its distal end. However, 
seal segments 4 could be configured so as not to have a hole therethrough so as to form a 
zero closure valve. In addition, the seal segments themselves can be molded such that they 
have a varying thickness across the profile of the seal. This can be done for several 
reasons i.e. minimizing leak rate, drag, and is also described in EP 1,520,537. 

Referring to Figure 6, a benefit of seal assembly 2 of the present invention is 
illustrated showing an increase in the ability to a insert surgical instrument 90, like a 
surgical stapler or clip applier, with a larger range of instrument shaft diameters 50 into a 
trocar of the type described above as item 100. The herein described seal eliminates the 
classical issue of "hoop-stress" associated with lip seals. By breaking the seal into 
multiple segments, the strain in the system can be greatly reduced during instrument 
insertion. In the case of a seal that must seal on both 5 mm instruments as well as 12 mm 
instruments, this reduction in strain is believed to be as much as 75%. This yields much 
lower peak instrument insertion forces, instrument insertion drag forces, instrument 
extraction drag forces, and instrument peak extraction forces. The reduction in strain 
allows the seal to resist puncture during insertion of sharp instruments better than lip seals. 
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When a sharp instrument contacts the seal, the increase in strain does not occur as rapidly 
as in lip seals. This allows the instrument to pass by prior to critical strain levels being 
reached, resulting in a puncture or tear. 

The interwoven design of the seals of the above described embodiment allows for a 
single thickness of one seal segment to be contacting the instrument during instrument use 
the majority of the time (sometimes the overlap allows two seal segments to be contacting 
the instrument in localized regions). This is unlike other segmented seals where multiple 
seal layers are required to be in contact with the instrument at a given location to provide 
an adequate seal. Therefore, the interwoven design provides a performance edge over 
other segments seal designs. This is evident in all areas of force associated with instrument 
use. 

In addition, because the described embodiment reduces strain, it is possible to make 
15 the hole at the center of the seal smaller than is typically desired for lip seals. Forces 

associated with instrument use in lip seal designs are greatly affected by reductions in the 
size of the hole. While there is some impact with the segmented seal design of this patent, 
the effect is much less dramatic. Therefore, by reducing the hole-size at the center, the 
segmented seal can gain an improved ability to maintain insulflation when a small 
20 instrument is axially offset to one side of the trocar channel with a very minimal effect on 
instrument usage forces. Alternatively, the seal can be put together such that there is no 
hole present provides a zero-closure design, sealing both when no instrument is present and 
while an instrument is present. 

25 Preferably, the seal assembly can be mounted onto the trocar through a flotation 

means or system such as a bellows. Such seal flotation systems are described in U.S. 
Patent 5,385,553 issued to Hart et al. on January 31, 1995, which is hereby incorporated 
herein by reference. By referring to figure 7, it can be seen that seal assembly 2 is 
connected to a flotation system 80. The bellows 80 allows for radial movement of the seal 

30 assembly. The radial force required to deflect the bellows radially is much less than the 
contact force exerted by the on the instrument. This will allow the flotation system to 
deflect while the seal segments maintain a sealing condition with the instrument. Protector 
flange 44 is first laid on top of ring surface 22. The flotation means can have a flange on 
its inner diameter with holes in it which can be laid over the protectors' flanges such that 
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the holes in the bellow's flange line up with the holes in the protectors 42. This 
results in the flotation means being in-between, or sandwiched between, ring 3 1 and 
protectors 44. The flotation system can help to prevent the protectors from moving 
up and down unintentionally. 

While preferred embodiments of the present invention have been shown and 
described herein, it will be obvious to those skilled in the art that such embodiments 
are provided by way of example only. Numerous variations, changes, and 
substitutions will now occur to those skilled in the art without departing from the 
invention. For example, as would be apparent to those skilled in the art, the 
disclosures herein have equal application in robotic-assisted surgery. In addition, it 
should be understood that every structure described above has a function and such 
structure can be referred to as a means for performing that function. Accordingly, it 
is intended that the invention be limited only by the spirit and scope of the appended 
claims. 

Throughout this specification and the claims which follow, unless the context 
requires otherwise, the word "comprise", and variations such as "comprises" and 
"comprising", will be understood to imply the inclusion of a stated integer or step or 
group of integers or steps but not the exclusion of any other integer or step or group 
of integers or steps. 

The reference to any prior art in this specification is not, and should not be 
taken as, an acknowledgment or any form or suggestion that the prior art forms part 
of the common general knowledge in Australia. 
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^ The claims defining the invention are as follows: 
& 

^ 1 . A trocar for performing a procedure on a patient, said trocar comprising: 

fSl a. a hollow cannula having a distal end and a proximal end; 

5 b. a housing having a distal end attached to said proximal end of said 

P cannula and a proximal end having a wall attached thereto, said wall having an 

, i aperture therethrough; 

c. a seal assembly disposed within said housing comprising a plurality of 



s 



layered elastomeric members each having at least a semi-circular profile, 



O 

10 and wherein: 

said plurality of layered elastomeric members form a conical shape and 
are disposed such that there is a substantially centrally located aperture in said 
seal assembly. 

15 2. The trocar according to claim 1 wherein said layered elastomeric layers 

have a circumference of about 180 to 270 degrees. 

3. The trocar according to claim I, wherein said seal assembly includes a 
first and second rigid rings wherein said layered elastomeric members are disposed 

20 between and are abutting against said rings. 

4. The trocar according to claim 3 wherein said elastomeric members 
comprise a proximal flange portion, and an inwardly extending portion extending 
distally therefrom, wherein said proximal flange portions are disposed between and 

25 are abutting against said rings. 

5. The trocar according to claim 3 wherein said seal assembly has an outer 
perimeter which is attached to a flotation means. 

30 6. The trocar according to claim 1 wherein said seal assembly includes a 

plurality of protectors disposed proximal to said elastomeric seal. 
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^ 7. The trocar according to claim 1 wherein said plurality of elastomeric 

layers are woven together. 

^ 8. The trocar according to claim 1 wherein said plurality of elastomeric 



o 



o 



layers have a non-planer shape prior to be assembled together. 



9. A trocar substantially as hereinbefore described with reference to the 



accompanying drawings. 



20/0 VOQ.ck nWficlairos. 13 

I 



-16- 



1/8 




-17- 




-18- 




-19- 



4/8 




-20- 



5/8 




-21- 



6/8 




-22- 




-23- 




-24- 



